Introduction
In recent years, there have been many reasons that have encouraged the European Parliament to endorse support actions and incentives for the development of renewable Energy [Parish 2006 ]. Electricity production and transport are among the most interesting sectors affected by Directives 2001/77/EC and 2003/30/EC as well as the additional 2003/96/CE which applies to both sectors. One of the products, particularly affected by these actions, is FAME, known as biodiesel. Its characteristics are specified in two provisions that have been active since 2003 in Europe and since 2004 in Italy: the UNI EN 14213 -"Heating fuels. Requirements and test methods" and the UNI EN 14214 -"Automotive fuels. Fatty acid methyl esters (FAME) for diesel engines. Requirements and test methods".
Taking into account biofuel, FAME is the only product produced by a chemical process based on the reaction between the glycerides present in vegetable oil and a product from a fossil source: methanol. Besides FAME, which is made up of a mixture of methyl esters (ME), the process generates a reaction by-product, glycerol (GL), which is also used as a bio-fuel. Both the molecules produced contain atoms from the methanol within the reagent and, therefore, are not considered renewable. Given that they are energy products produced from a reaction between a renewable material and a fossil source, it is necessary to define the renewable energy they contain, for instance, this is necessary when applying the biomass incentives according to the European provisions and for testing the biofuels and the bioliquids required by the new Directive 2009/28/CE (RED). In this manner, the latter will therefore provide a methodological and practical contribution. Generally, the heat produced by a reaction (combustion is a reaction) can be estimated through experiments (calorimeter) or, indirectly, by calculating the reaction enthalpies. The overall energy developed from a complete molecule combustion can be measured experimentally with the calorimetric method. Nevertheless, this method does not indicate the extent to which each molecule part contributes to the heat produced. The indirect methods involve calculation procedures, which are based on precise information about the reaction and the thermochemical data of the molecules or the parts involved.
One of the most diffused indirect methods is based on the knowledge about the enthalpy formation of the reagents and the products involved in the reaction [Chambers 1975 , Lanfred 2001 . In any case, in the absence of data about complex molecules various strategies are used to calculate the reaction enthalpy of a chemical process using the Benson group additive method [Nomen 2005 ]. This method is based on the precise knowledge of the molecular structures involved in the reaction and the identification of the group of atoms consists of at least two chemical bonds [Chopey 2004] . Besides being an easily applicable approach, it can usually predict thermochemical data with the same uncertainty of experiments [Aa. Vv. 2004] . Nevertheless, neither calculation modality allows the estimation of the energy contributed by the single atom. There is also another method based on the knowledge of the reagent and the product molecular structure and bond enthalpy (∆H b ) or of bond dissociation energies which is very immediate. The ∆H b is a positive number corresponding to the energy required to break the molecule into its fragments, or the energy released when the bond is formed [Salmon 2006 ]. All materials are made of atoms which are tightly bonded to each other to form molecules of the materials. When a chemical reaction occurs, the materials change into other materials through bond breakage and new bond formation [Kubota 2002 ]. Any chemical reaction, including combustion, starts with a first phase of bond breaking within the reagent molecule, which requires the ab-sorption of the heat system ∆H br , concluding with a second phase of new bond formation of products in which ∆H bp heat develops. The energetic balance of both enthalpies determines the heat of the ∆H r reaction (1). In particular:
When the ∆H r of the reaction is negative, the reaction is exothermic, as in the case of combustion.
The ∆H b depends on the type and the energetic state of the atoms based on the electron of each atom. Although the exact energetic state of the materials should be evaluated by quantum mechanics, an overall energetic state is evaluated by the ∆H b determined experimentally. The total chemical bond energy of the molecule atoms is equal to the energy of the molecule [Kubota 2002] .
Considering the aspects mentioned in the introduction and according to the analysis regarding the energy aspects of the chemical reactions, it was considered interesting to develop a method for calculating the content of the renewable energy fraction in GL and FAME products using the traditional process based on the transesterification reaction. In other words, the degree of renewability of the chemically modified generated biomass products can be calculated using this method. At the same time the amount of energy produced from their combustion and which can be attributed to the initial biogenic matter can also be estimated. A calculation criteria, backed with simplified analytic measurements, is especially used for the FAME products. This method might be useful in understanding the various energy contents in other similar renewable energy products. Besides FAME, there are other synthesis products derived from renewable and non-renewable materials. An example of this is the Ethyl Tertiary Butyl Ether (ETBE). On the contrary, the production of ethyl esters from renewable ethanol ensures the renewability of the products. Nevertheless, there is still no comparative criterion for product renewability. The aim of this study is to fill up this gap.
Material and methods
This study was developed and presented in two distinct parts: the calculation methodology to estimate the renewable energy content in FAME and GL and the development of an applied analysis method for FAME.
Remarks on transesterification reactions
This equation is for a simplified form of a transesterification reaction (figure 1) where R 1 , R 2 , and R 3 are long chains of carbons and hydrogen atoms, called the fatty acid chain. Two of the most commonly used catalysts for transesterification are NaOH and KOH. The reaction mechanisms can vary according to the conditions of the reaction [Van Jerpen 2004] .
Nevertheless, it is possible to identify the methanol molecule in the reaction products through a mechanism of mass balancing in the simplified reaction, i.e., the methoxide added to the carboxyl of the ME and the hydrogen in the functional group -OH of the GL. Analyzing the chemical bonds in the ME it is possible to consider the derivatives from the methanol 3 C-H bonds and the C-O 1.5 bonds as well as half the O-H bond in GL. This analysis is fundamental to establish which bonds contribute to identify the non-renewable and renewable energetic fraction of the produced ∆H r .
Analysis of the combustion reaction and the calculation of the non-renewable energetic fraction
The complete combustion of ME and GL is defined by the generic reactions (I and II), respectively:
in which n is the number of carbon atoms of ME and s is the number of unsaturations present. Given the structure of the molecule and in function of n and s, it is possible to calculate the total number of the various chemical bonds forming the reagent molecules and the reaction products. Only three elements are involved in the structure of the molecule: carbon, hydrogen and oxygen. As regards to the reagents, on the one hand these elements are found in the bonds C-C and C-H, forming a carbonaceous chain and the methyl of the methoxide group in the ME and the entire carbonaceous structure of the GL; on the other hand, the bonds C=O and C-O form the carboxyl group of the fatty acids and the bond O=O forms the oxygen. Within the reaction products, combustion water and carbon dioxide, the bonds are represented by O-H and C=O. Some of these bonds are hybrids, that is, consisting of an atom that is originally present in the triglyceride and another atom originally present in methanol. The value of ∆H b has been defined for every bond, based on literature, with reference to the molecules or functional groups that most resemble the ones at issue in this study. Moreover, the member molecule in the combustion reaction and the number of bonds formed from a generic ME (table 1) and GL  (table 2) were indicated together with other data.
Reaction energy calculation
From (1) it is possible to determine the general calculation equations for combustion ∆H r for every product considered. In the case of ME and GL, the calculation of ∆H r is described in table 3.
Theoretically, the value of ∆H r coincides with the high calorific value of the product. The energetic ∆H i value is determined by subtracting the enthalpy of water evaporation generated in combustion (H E = 40.7 kJ/mol), theoretically expressing the low calorific value. In particular:
The same calculation criteria, described above for the atoms at issue, can be used to calculate the en- 
thalpy from the non-renewable part of the molecule (∆H NR ). The following equations were used:
(8)
The fraction of non-renewable energy of the molecule (E NR ) is obtained from the ratio of ∆H iNR and ∆H i (10) (11) In order to evaluate the approximation level of the calculation method used, it was considered necessary to compare the calculated ∆H r values for every FAME with the respective values obtained through experiments (∆H C ). The latter are average values deduced from the database of the National Institute of Standard Technology (NIST). For every ME, the absolute error and the percentage error (∆E) were calculated with reference to the ∆H r data obtained through experiments. The estimations were carried out on the ME that mostly represented the corresponding fatty acids of the most common vegetable oils. Considering that FAME is made up of variable mixtures of ME, an average value, which takes into consideration the percentage composition of the ME (C ME ) and the respective E NR values, must be used to calculate the non-renewable part of the entire EF NR produced. In the case of a generic FAME, the value of EF NR is calculated as follows: (12) in which x indicates the generic ME present in FAME.
Experimental methods to measure the non-renewable fraction of FAME
The proposed calculation method was applied to some products to verify its feasibility. For this purpose, 15 vegetable oil samples were picked from most representative especially in terms of variability in the length of glyceride acid chains. The size of the molecule from fatty acid plays an important role on the fraction of renewability of each ME. Gas-chromatographic analyses were carried out to determine the C ME and to estimate the amount of saponification (N S ).
The number of average carbon atoms (N CM ) of FAME was calculated as follows, taking into consideration the acidic composition and the function of (13): (13) in which N C is the number of carbon atoms in each ME. The value of N C expresses the average molecule mass of glyceride contents in vegetable oil to be compared with the corresponding FAME. Specifically, each of them was tested for the correlation between EF NR and the N C value. Subsequently, the correlations between the value of N C and that of N S and, finally, between the EF NR values and those of N S were verified. Table 4 shows a series of specific results regarding each ME. The data of the ∆H r calculated with the proposed methodology and the ∆H c taken from the NIST database are also shown in the table. It has been observed that the ∆E values are rather contained and consolidated around an average of 0.6% (corresponding to about 65 kJ/mol) with a maximum of -2.5%. For the purpose of this study, these results are encouraging and favourably support the proposed calculation method. The E NR values of each ME are also reported in the table. It can be observed that since the amount of energy coming from the non-renewable part of the molecule (methoxide) is constant, the E NR value is strongly dependent on the length of the ME. In unsaturated molecules, the values vary between 2.4% of ME with 7 carbon atoms and 0.7% of ME with 23 carbon atoms.
Results
Similarly, table 5 shows the same results obtained for GL. It has been noticed that the ∆E is higher compared to the calculations carried out on the ME and a little less than 10% lower. Although the non-renewable part, i.e. hydrogen derived from methanol, always forms a bond -OH before and after the reaction, the calculated E NR is still equal to 1.6%, taking into consideration that the -OH bond before and after the reaction has various chemical characteristics and, therefore, different ∆H b values.
Finally, for all of the 15 vegetable oils, table 6 shows the parameters that mark the average molecular size of the triglyceride mixtures and, therefore, that of FAME generated by them. In addition, there is the EF NR value calculated on the C ME determined for every analysed oil.
On the whole, most oils and, therefore, those related to FAME, have a similar average molecule size, with the exception of brassica and coconut oil which have a shorter and longer carbonaceous chain compared to average chains, respectively. Along with the figures of N CM and N S , the EF NR oscillates between 0.78% and 1.20%. Figure 2 shows the relation between the latter parameter and the N CM figure which emphasises the decrease of the non-renewability of the molecule due to the increase in the length of the carbonaceous chain, the non-renewability of the molecule decreases. This study has confirmed how the N CM figure can be determined through a simple analysis such as saponification number. Figure 3 confirms this hypothesis and highlights an important analytic relation between the two parameters without using the gas-chromatographic analysis.
As a result of the previous correlations, N S is capable of calculating the EF NR value of a generic FAME (figure 4). The correlation obtained shows a very high R 2 value and covers a very important N S field to which most of the FAME diffused on the market belongs.
Conclusion
The biofuel obtained from the triglyceride transesterification of vegetable oil, using methanol from fossil, englobes the non-renewable energy in its molecules originally released during combustion. The study has shown that for GL, the energetic supply is about 1.6% of the net energy obtained from combus- tion. In the case of FAME, the EF NR value is conditioned by the length of the ME molecules. With the increase in the size of the average ME molecule, the EF NR decreases. The study shows that through the N S value, whose laboratory analytic definition is quite simple, it is possible to provide a rather precise estimation of the EF N when FAME is obtained from various initial vegetal oils. On the whole, the most diffused FAME deriving, for example, from rape, soya and palm oil have an EF NR value lower than 1%. Nevertheless, it is assumed that the EF NR value is unlikely to exceed the 1.5% threshold which corresponds to the products generated from vegetable oil with carbonaceous chain with an average of 10 carbon atoms. The data reported in this document can be a starting point for the identification of the correction factors for the fiscal aspects and the stimulation mechanism of renewable energy products.
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SUMMARY
Fatty acid methyl esters (FAME) and glycerol produced by transesterification reaction contain atoms that in the reagents belong to methanol and, therefore, are not renewable. A method to evaluate the content of the renewable and non-renewable energetic fraction, released during their combustion, was developed using a thermochemical criteria, based on bond dissociation energies and the knowledge of the molecular structure of the reagents and the products. Results show that the fraction of non-renewable energy in the most diffused FAME is lower than 1% depending on the lengths of the carbonaceous methyl esters. Meanwhile, the energetic supply for the GL of this fraction is about 1.6%. The data reported in this document can be used to develop a criteria that corrects the fiscal mechanism aspects of some renewable energy products.
Keywords: Biodiesel, glycerol, renewable energy, bond enthalpy.
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NOTE
Professor Giuseppe Stefanelli
Professor Giuseppe Stefanelli, the illustrious academic of Agricultural Machinery and Rural Building, died in his sleep on the night of 18 October, having only recently celebrated his 104 th birthday to the plaudits of his many colleagues and young researchers.
It is no easy task, at this time, to call to mind his numerous accomplishments, both as a man and an academic. The author of this memorial has observed his life and career -although from a distance (Milan) -with the greatest admiration and respect.
Although the Professor was strict with his pupils and a demanding task master, over the years he expressed his enormous goodness of character in both the personal and professional spheres.
I can see even now his good natured smile during the meetings of the Academic Council of the Georgofili Academy as he followed the animated discussions and presentations of his colleagues.
In every case he had a final word to say -a word which invariably agreed with the general opinion of the Councillors. Over the years his character had softened and he was open even to the more naïve interventions of young colleagues. I have two particularly pleasant personal memories of him: the first, when I was presented to him during the Pesaro Agricultural Machinery convention. I recall that my colleague, Professor Casini, warned me at the time to behave myself in a manner suited to the occasion.
The second memory is of the many times he confided to me at the Council of the Georgofili Academy that he would have been pleased to have me as his personal pupil -with that unforgettable smile on his lips.
The Professor was a unique human being, and I deeply regret his loss. If I could speak to him now, I would thank him for having been so patient with me! His human, scientific and cultural capacities will be greatly missed.
(Giuseppe Pellizzi)
CURRICULUM of Professor Stefanelli
Born in Florence on 11.6.1905, he completed (and extraction from debris -from 1950), beetroot (from 1950), cereal crops (from 1954), forage (1964) (Florence, 1972 -Professor Bosi) and was put into service in Puglia (1976-'78 (collaboration, 1959 and 1980 
